Objective Our aim is to establish the risk factors for carrying high-grade dysplasia or carcinoma by analyzing endoscopically treated adenoma cases.
Introduction
Colorectal cancer (CRC) is a major cause of death in developed countries. CRC remains the third most commonly diagnosed malignancy both in men and women, and the second most frequent cause of cancerrelated death in the United States [1] .
Most CRCs are believed to arise from benign adenomatous polyps, a concept referred to as the adenomacarcinoma sequence, which has accounted for the preventive screening and removal of adenomatous polyps using colonoscopy [2] [3] [4] [5] [6] . Although approximately 30-50% of the population develops adenomatous polyps during their lifetime, only about 6% of the population is diagnosed with CRC [7] .
Earlier studies suggest that adenoma with severe dysplasia, carcinoma in situ, and minimally invasive (within the submucosa) carcinoma act as pathological bridges to invasive advanced carcinoma, which can take lives [8, 9] . The knowledge of detailed characteristics of these lesions would help elucidate the factors associated with the development from adenoma to carcinoma. dysplasia or carcinoma, can provide practical usefulness at colonoscopy. Moreover, completely resected specimens that enable accurate pathological evaluation are important for these lesions, because part of the endoscopically treated carcinoma may exhibit lymph node metastasis [10, 11] . This suggests the usefulness of the knowledge at pathological review.
Although two earlier studies indicated the risk factors for carrying high-grade dysplasia or early carcinoma [8, 9] , those studies examined neither patient factors such as habitual information and indications for colonoscopy, nor the polyp appearances including recently noted flat lesions. To overcome the weakness of these studies, we established a colonoscopy database. In this database, smoking and drinking habits, the indications for colonoscopy, and the appearance of adenomas were fully collected and documented. The aim of this study is to elucidate more clearly the risk factors for high-grade dysplasia or early carcinoma using a large-scale colonoscopy database with detailed information.
Methods

Patients and data collection
At the end of 2002, we established a registration system for patients who underwent colonoscopy at Okayama University Hospital and its 22 affiliated hospitals. The system was implemented at the beginning of 2003. Within this system, the clinical data of all patients who underwent colonoscopy were recorded in the same format at each hospital. Data input was performed by each colonoscopist, or, in a few institutes, by nurses or assistants.
The data included patient sex, age, smoking and drinking habits, indication for colonoscopy, patient history of cancer or colorectal diseases, family history of CRC, and colonoscopy findings. A regular drinker was defined as one who consumed more than approximately 20 g of alcohol daily, the equivalent of two bottles of beer. Indications for colonoscopy were classified into positive fecal occult blood test (FOBT), rectal bleeding, change in bowel habits, abdominal pain, and others. Family history was defined as having at least one first-degree relative with CRC. Information on the size, location, and macroscopic appearance of all polypoid lesions and CRCs observed during colonoscopy was entered into the format. When biopsy or polypectomy was performed, pathological findings were also recorded.
From January 2003 to August 2004, a total of 18 455 colonoscopy cases were registered. This registration included 3730 patients with existing colonic neoplasia at least 5 mm in size at the time the total colon was surveyed. Polyps smaller than 5 mm were not included in the analysis, because these lesions are not always resected in Japan, and because these lesions are not always treated with cautery snare, but rather with hot biopsy procedure or with biopsy forceps, making the precise pathological examination of smaller lesions difficult and potentially inaccurate. Hyperplastic polyps were not included in the neoplasia category. Of the patients with neoplasia, 2662 patients who had experienced colorectal neoplasia treatment before the study period were excluded from the analysis. In addition, 144 patients with advanced CRC resulting in surgical operation and two patients who did not undergo treatment for neoplasia because of another progressive disease were excluded. Moreover, one patient with inflammatory bowel disease and 14 patients with incomplete pathological findings were also excluded. Eighteen patients with serrated adenomas were also excluded because the grade of dysplasia of serrated adenomas was not yet standardized. As a result, this study comprised 889 patients who underwent endoscopic polypectomy for all neoplastic lesions Z 5 mm in the colon, with the complete pathological examinations after resection. In addition, a total of 1486 adenomas or early carcinomas resected from these 889 patients were also analyzed.
Colonoscopy and polypectomy procedure
Before colonoscopy and polypectomy, 2 l of polyethylene glycol electrolyte solution were ingested for bowel preparation. Medium-length colonoscopes (CF-Q240AI, CF-Q260AI, and PCF-Q260; Olympus, Tokyo, Japan) were mainly used, and sedatives were rarely used during the colonoscopic examination. During the procedure, polyp location and size were determined and documented before removal. The size of each polyp was estimated with an open biopsy forceps or a measuring guidewire (Olympus). All polyps at least 5 mm in size were resected with the usual snaring polypectomy procedure.
Polypectomy was performed either during the initial colonoscopy or during the second-look colonoscopy after initial examination. In this analysis, the right colon was defined as the cecum, ascending colon, and transverse colon, whereas the left colon included the descending colon, sigmoid colon, and rectum. Pedunculated lesions were defined as those with a distinct pedicle, and sessile lesions as raised lesions with no evidence of a stalk or pedicle and a diameter that did not exceed twice the height. Flat lesions were characterized by the macroscopic appearance of mucosal elevations with a flat or slightly rounded surface and a height less than half the diameter of the lesion. Depressed lesions were diagnosed and classified on the basis of a definition reported previously [12] . As all of the depressed lesions observed in our analysis were accompanied by a surrounding flatelevated portion around the depression, these lesions were included in the flat-type category. If we could not decide clearly whether a lesion was flat or not, the lesion was confirmed through histological findings in which the height, as measured from the muscularis mucosa to the top of the lesion, was less than twice the height of the neighboring mucosa [13] [14] [15] [16] .
Pathological findings
Resected specimens were immediately fixed in 10% buffered formalin solution and stained with hematoxylin and eosin. Two board-certified pathologists examined all retrieved tissues at each hospital, and when there was a disagreement on interpretation a third pathologist reviewed the features. This process had been carried out routinely at each hospital.
A diagnosis of adenoma and the grades of dysplasia were defined according to the criteria of the World Health Organization [17] . Dysplasia was classified as low-grade dysplasia or high-grade dysplasia, on the basis of the degree of cytologic atypia and the presence of any architectural abnormality in the gland. Adenoma with low-grade dysplasia included adenoma cases with either mild or moderate dysplastic changes. Both adenoma with severe dysplasia and carcinoma in situ were categorized as adenoma with high-grade dysplasia. Carcinoma was diagnosed only if there was a clear histological demonstration of penetration of the carcinoma through the muscularis mucosa into the submucosa, with or without adenomatous component surrounding the carcinoma. Thus, the definition of high-grade dysplasia or carcinoma in this study was the same as the advanced pathological features of the earlier study [9] . All endoscopically treated carcinoma cases observed in this study were confined to the submucosa.
Statistics
All statistical analyses were performed with JMP software version 5.0.1 (SAS Institute, Cary, North Carolina, USA). Statistical differences from the univariate analysis were determined using Student's t-test or the w 2 test. A multivariate logistic regression analysis was used to identify the independent risk factors associated with high-grade dysplasia or carcinoma. Odds ratios (OR) with 95% confidence intervals (CI) were also calculated with adjustment for all the relevant variables included. Initial candidate variables for multivariate analysis were those with a P < 0.25 in the univariate analysis. A two-tailed P value of less than 0.05 was considered statistically significant.
Results
Characteristics of patients and adenomas
The characteristics of analyzed patients who underwent polypectomy are shown in Table 1 . Patients comprised 586 (66%) men and 303 (34%) women, with a mean age of 63 ± 11 years. The major indication for colonoscopy of these patients was positive FOBT (61%). Pathological findings revealed that 817 (92%) patients exhibited nothing more severe than low-grade dysplasia. Of the remaining patients, 64 (7%) had adenomas with highgrade dysplasia, and eight (1%) had carcinoma.
The characteristics of all adenomas resected from the 889 patients are shown in Table 2 . Of the 1486 adenomas, 603 (40%) were located in the right colon, whereas 883 (60%) were in the left colon. For adenoma size, 953 (64%) lesions were smaller than 10 mm, and the remaining 533 (36%) lesions had a size Z 10 mm. As for the macroscopic appearance of adenoma lesions, 281 (19%) were pedunculated, 1043 (70%) were sessile, and 162 (11%) were flat in appearance (including 10 lesions with depression). Resected lesions were pathologically distributed as 1411 (95%) low-grade dysplasia cases, 67 (5%) high-grade dysplasia cases, and eight (1%) carcinomas.
Clinical differences according to adenoma severity
Adenomas were divided into two categories, high-grade dysplasia/carcinoma and low-grade dysplasia, and patient (Table 3 ) and tumor (Table 4 ) factors were compared. Patients in the high-grade dysplasia/carcinoma category were significantly older than patients with low-grade dysplasia (67 ± 11 years vs. 63 ± 11 years, P < 0.01). The proportion of female patients was also significantly higher in the high-grade dysplasia/carcinoma (50%) group vs. the low-grade dysplasia group (33%) (P < 0.01). Patients with high-grade dysplasia or carcinoma were more likely to exhibit rectal bleeding as the indication for colonoscopy compared with the low-grade dysplasia patients (21 vs. 8%, P < 0.01). The proportion of patients with multiple adenomas or with adenomas located on both sides of the colon was higher in the high-grade dysplasia/carcinoma category than in the low-grade dysplasia category (56 vs. 35%, P < 0.01, and 29 vs. 17%, P < 0.01, respectively). No significant differences in other factors including drinking and smoking status, personal history of other malignancy, and family history of CRC between the two groups were found ( Table 3 ).
In analyzing the tumor factors, high-grade dysplasia or carcinoma was more likely to be located on the left colon (71%) compared with low-grade dysplasia (59%) (P = 0.05). Significantly more cases of adenoma with high-grade dysplasia or carcinoma had a size Z 10 mm vs. low-grade dysplasia (83 vs. 33%, P < 0.01). A flat appearance was more frequently observed in high-grade dysplasia or carcinoma (29%) than in low-grade dysplasia (10%) (P < 0.01). (Table 5 ).
If the covariates were assigned in different manners (e.g. three or more adenomas instead of multiple adenomas, size Z 20 mm instead of Z 10 mm, flat or sessile appearance instead of flat appearance, etc.), the ORs would not surpass the data presented in Table 5 . 
Discussion
In this study, we established a hospital-based colonoscopy registration system. Of more than 18 000 registered colonoscopy data, we analyzed adenoma patients who underwent endoscopic polypectomy and identified the risk factors for carrying high-grade dysplasia or carcinoma. Adenoma with high-grade dysplasia or early-stage carcinoma has been considered a pathological bridge between benign adenoma and invasive cancer, and these lesions also seem to have a high potential for developing into advanced cancer [8] . Therefore, determining factors that can predict the existence of high-grade dysplasia or carcinoma can help to identify clinically significant lesions that require immediate treatment. Patients with a higher risk for these lesions are a suitable target for new endoscopic techniques such as dye-spraying, magnifying scopes, and narrow band imaging. In addition to the clinical significance, the analysis in this study can suggest the association between clinical characteristics and the progression of colorectal neoplasia.
Many reports indicated that aging and male sex were risk factors for colonic neoplasia, including adenoma and cancer [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . Although our results support previous findings on aging, we found female sex to be a risk factor for high-grade dysplasia or carcinoma, which seems to contradict prior reports. Two reports, however, that analyzed endoscopically resected lesions only (i.e. except invasive cancer) indicated that the prevalence of highgrade dysplasia was similar between male and female patients [8, 9] , although many other reports that analyzed lesions including invasive cancer indicated that the prevalence of advanced neoplasia (including invasive cancer) was higher in male patients [18] [19] [20] [21] [22] [23] [24] [25] [26] . This suggests that adenomas in women may not easily develop beyond high-grade dysplasia into invasive cancer. In addition, the fact that adenomas with a flat appearance, a risk factor in this study for high-grade dysplasia or carcinoma, were more frequently observed in women (19%) than in men (12%) in our patient population may also contribute to the sex disparity. Ethnic and environmental differences between Japanese and Western populations may affect the prevalence of high-grade dysplasia in female patients.
Patients with multiple adenomas [28] and regular smoking and drinking habits [29] had an increased risk of developing CRC. In contrast, our results indicated that patients with multiple adenomas were at risk for highgrade dysplasia or carcinoma, but smoking and drinking habits were not significantly correlated. These results suggest that patients with multiple adenomas are susceptible to both the occurrence and progression of colonic neoplasia, whereas smoking and alcohol consumption may be correlated with only the initiation step of colorectal neoplasia.
Regarding tumor characteristics, many previous reports indicated that large adenomas were likely to exhibit advanced pathology [21, 25, 26, 30, 31] ; therefore, our results were consistent with prior findings. In addition, because CRCs are more frequently seen in the left colon than in the right colon [26, 32] , our results indicating adenomas in the left colon as a risk factor for high-grade dysplasia or carcinoma are reasonable. As rectal bleeding is likely to be observed in patients with large polyps and/ or polyps located at the left colon, the result that rectal bleeding was an independent patient factor for highgrade dysplasia or carcinoma also seems plausible. The predominance of flat appearance in lesions at risk of highgrade dysplasia or carcinoma also supported recent reports that flat lesions were more likely to exhibit severe dysplasia and early invasive carcinoma than polypoid adenomas, not only in Japan [13, 14, 33] but also in Western countries [15, 16, 34] . Although O'Brien et al. [35] reported that flat adenomas are no more likely to exhibit high-grade dysplasia, their analysis was based on the data taken before 1990, a time when flat adenomas were scarcely recognized in Western countries. Thus, their analysis may not be reliable with regard to adenoma shape.
Two earlier studies have already analyzed the risk factors for high-grade dysplasia or carcinoma [8, 9] FOBT. We believe this study represents the recent trend in indications for colonoscopy in Japan, because annual FOBT in patients above 40 years is recommended as CRC screening in Japan. An additional advantage of our analysis is that colonoscopy allowed for a more detailed observation of the appearance of adenomas. Although polyp size and patient age were already identified as significant risk factors for high-grade dysplasia (or carcinoma) in earlier studies, we could also see the influence of additional factors such as sex and polyp appearance.
Another difference is that we analyzed adenomas Z 5 mm, whereas earlier studies included smaller adenomas in their analysis [28, [36] [37] [38] [39] [40] . We chose not to include smaller adenomas because recently they are not always treated in some of our institutes. In addition, these lesions are not always treated with cautery snare, but rather with the hot biopsy procedure or with biopsy forceps, making the precise pathological examination of smaller lesions difficult and potentially inaccurate.
In terms of study limitations, we lacked possible risk factors for advanced pathology, such as body mass index, dietary factors, and medication information. These factors have been known to influence the risk for CRC [24, 41, 42] and might also influence the analysis for high-grade dysplasia or early carcinoma. Today, the registration format has been revised, to enable more detailed analysis regarding colonoscopy findings and patient factors in the future. Next, 14% of our patients had a personal history of other malignancies, maybe because the population we analyzed was based solely on hospital-registered patients. This demographic inclination may have produced bias. Moreover, lack of data for adenomas smaller than 5 mm was also a limitation. In particular, as small depressed lesions ( r 5 mm) frequently exhibit submucosal invasion (7-8%) [43, 44] , lack of data for these lesions is a drawback. Information regarding risk factors for high-grade dysplasia in smaller adenomas would be clinically relevant. Therefore, although precise pathological analysis for smaller lesions would be difficult, further studies are expected. Finally, a follow-up of our patients is lacking, because this is a multicenter and cross-sectional study in a recent period. We will be able to report the follow-up of our patients in the future, because our registration still continues.
In conclusion, we conducted a relatively short-term, recent analysis of the risk factors for high-grade dysplasia or carcinoma using colonoscopy-registered patients at our affiliated hospitals. Our findings would be useful in selecting clinically significant lesions that require immediate treatment among all polypoid lesions. Moreover, our analysis raised interesting problems regarding the progression of colonic adenoma to carcinoma, because female sex was proven to be a risk for carrying high-grade dysplasia or carcinoma. To elucidate the sex discrepancy, further investigation is required in this field.
